Abstract-We address the problem of precise ranging between trains in non-line-of-sight (NLOS) environment using a NLOS (Non Line of Sight) ranging radar. By calculating the phase delay of the received and transmitted OFDM (Orthogonal Frequency Division Multiplexing) waveform, we achieve the target of ranging in NLOS environment. Then, we compare several different data processing methods and prefer equal mean value weighted coefficient method. In addition, we analyze the ranging error according to the characteristics of the AWGN channel, thereby providing a theoretical basis for the development of the OFDM waveform phase ranging system.
INTRODUCTION "Shanghai 9.27" subway crash shows that when the communication signal system fails, an active ranging radar device is needed between trains. The existing ranging radar in accordance with different working patterns can be divided into two kinds: active and responsive. As is known that, millimeter wave and ultrasonic radars attenuate easily thus can only be used in short distance ranging, while pulse radar works only in the line-of-sight environment. However, there are only two kinds of radars based on the responsive working principle, the deep space exploration and marine rescue, which can realize the distance ranging in NLOS environment, but only in long distance with low accuracy. Therefore, we propose a NLOS [1] [2] ranging radar in this article, which applies the principle of a continuous phase ranging and the responsive radar, thereby increasing the ranging accuracy in short-distance NLOS environment.
The existing radio-ranging technologies are pseudorandom code ranging, phase ranging and OFDM-based ranging [3] . Although Pseudo-random code ranging has the advantages of anti-interference, anti-noise and anti-multipath attenuation, its ranging accuracy is very low. Phase ranging has a higher ranging accuracy. However, its ranging range is restricted due to the period of cycle. OFDM-based ranging combines the superiority of the above two methods effectively. In time domain, a method similar to pseudorandom code ranging is used to acquire maximum unambiguous distance range. In frequency domain, ranging is achieved through the phase difference of any two subcarries. Based on this, this article analyzes the statistical regularities of various harmonics of OFDM waveforms. We hypothesize that the mean value is unequal while the variance is equal. The conventional equal weighed method can't minimize the measurement error. Moreover, the existing OFDM-based ranging increases the variance by subtracting different harmonics values, which will lower the measuring accuracy. In this article, we analyze and compare different data processing methods and finally apply equalaverage weighted coefficient method to NLOS ranging radar system, thereby achieving the most accurate ranging result. The structure of this article is as follows: (1) Introduction (2) NLOS radar system (3) Data processing method (4) The four-wire carrier measurement errors (5) Variance and the signal-to-noise ratio relationship (6) Conclusions.
II. NLOS RADAR SYSTEM

A. Operation Principle
As is shown in Fig. 1 
B. Ranging Principle
As is shown in Fig. 2 , the phase of the sine signal varies linearly with time [4] [5] [6] [7] . Therefore, we can get time t from the given phaseϕ through That is how phase ambiguity exists. 
C. Parameter Design at the Transmitter End
• The design distance should be 1.5 km because of the real distance between two stations.
• Suppose the phase delay is restricted to 2π , then the fundamental frequency should be lower than 100 KHz.
• We choose f, 2f, 4f, 8f harmonic waves in terms of algorithm requirement.
III. NLOS RADAR SYSTEM
Fig 3 shows the phase of each sub-carrier changes over time in one period. We assume that, the phase of the highest harmonic is in the range of 0~2π . The dotted line illustrates an arbitrary measurement result. Then, the distribution of each harmonic wave is shown as follows:
We can see that they satisfy the geometric mean value and equal variance distrubution . More generally, we 
A. Equal Variance Method
Equal variance method is actually the equally weighted processing. We should guarantee that 
B. Equal Mean Value Method
Transferring the geometric mean value distribution into equal mean value distribution by dividing corresponding coefficient is so called equal mean value method. 
IV. THE FOUR-WIRE CARRIER MEASUREMENT ERRORS
Suppose the four-wire carrier coefficients are as follows:
Insert them into the following three variance formula.
A. Equal Variance Addition Method
Insert into（2）, we have 
D. Result Analysis
From the above calculation we know that We consider the signal as the superposition of sine and narrowband Gaussian noise, then the probability density function [8] is as follows: We can get the mean value and variance based on the above distribution graph, the formula is as follows: Change the vertical coordinate into distance standard variance and we can get the relationship between distance standard variance and SNR, which is shown in Fig.7 . , the minimum measuring distance standard variance is 7m. As for the NLOS ranging in the tunnel, this result is satisfactory.
VI. CONCLUSION
This article proposes a NLOS radar ranging system based on OFDM waveform harmonic phase measurement principle. According to the specific requirements of subway ranging, we choose the fundamental frequency of 100 kHz and the 2th, 4th, 8th harmonic waves. Then we compare different data processing methods. The first is equal variance method which can be divided into subtraction (now been used) and addition (a lower variance). We also have the equal mean value method, which can be divided into two methods: direct and weighted adding. By comparing the different variances, we find that measurement error of equal mean value weighted is only 0.376of equal mean value adding and 0.813 of equal variance and is the optimal method. Moreover, when the successive SNR value is 10dB, 20dB and 27dB, the minimum measuring distance respectively equals to 45m, 15 and 7m. As for the NLOS ranging in the tunnel, this result is satisfactory.
